Studies of sweet potato (Ipomioca batatas. Poir) mitochondria were extended, in our present investigation, to include spectrophotometric observation of cytochromes in response to substrates and inhibitors. These studies were facilitated by the use of a white variety of sweet potato (var. Pelican Processor which is low in carotenoids, and by the use of a nodlified Perkin-Elmer Spectracord. Cytochrome spectra xvere also obtained at liquid nitrogen temperature.
WVe used a preparation showing good P /O ratios, no cytochrome c requirement, and a degree of respiratory control by ADP2 (2-fold stimulation by ADP). Observations on the mitochondrial respiratory chain, made by manometric and spectrophotometric methods. were integrated. Electron transfer in this system was relatively insensitive to respiratory-chain inhibitors. This phenomenon has been the subject of intensive investigations in a number of plant systems ( 2, 3, 5, 8, 10, 13, 14, 15, 16, 17, 22, 25, 27, 28 ) . It is hoped that our results will add some insight into the l)roblem of inhibitor-resistant respiration, and increase our understanding of the cytochrome components in plant mitochonldria.
Materials & Methods P Preparation of AMitochondria: Cured sweet potato roots were stored at 15.5 C and used as needed.
Roots were transferred to a cold room (0-2 C ) about one hour preceding the isolation of mitochondria. Tissue (200 g) from two or three chilled roots was grated rapidly into a coldl nmeliumi containing tris buffer, 0. Losv-temperature spectra of the mnitochondrial cytochromes were obtained with a single-beam spectrophotometer described by Butler and Norris (9) . A mitochondrial suspension (4 ml) containing about 0.5 mg N, placed in the cell, produced a sample of 4 or 5 mm depth. The system response of the singlebeam instrument was adjusted to give a flat baseline with a non-absorbing, light-scattering sample of CaCO,. This approximately compensated for the scatter losses of the mitochondrial suspension. Tivo to four minutes after adding succinate to the suspension, the sample weas cooled to -196 C in a special Dewar flask, and maintained at this temperature throughout the scanning period by liquid nitrogen around the cell (23) . N 'Manometric Experiments: Oxygen utilization by the mitochondria, in the presence of various substrates, was measured mianometrically. Concomitant esterification of inorganic phosphate was followed by measuring its disappearancee, using the method of Bernhart and \Wreath (4 Fig. 4 . Low-temperature absolute spectrum of mitochondria reduced with succinate after pre-treatment with HOQNO. Fig. 5 . Low-temperature absolute spectrum of mitochondria reduced with hydrosulfite. (19) .
In order to investigate these cytochrome components more closely, low-temperature spectra of the particles were observed after various treatments. A single-bean spectrophotometer was used in these experiments, andl the spectra of the reduced mitochondrial cvtochromes were recorded rather than dlifference spectra. The spectrum of a succinate-reduced suspension recorded at room temperature and at -196 C is given in figure 3 . At -196 C, the recording showed sharply defined absorption bands with maxima at 549, 553, 557, 562, and 599 mg. Treatment of the mitochondria with HOQNO (3 gita) before the addition of succinate, l)ro(luced a spectrum wvith absorption mal;ximia at 554, 558, and 562 nmi (fig 4) . The bands of cytochromes c and a + a, at 549 and 598 to 599 mrt were decreased markedly by this treatment. Figure 5 shows that reduction of the mitochondria wNith hydrosulfite resulted in somewhat greater intensity in the 553, 557, and 562 my peaks, but no additional cytochromes were reduced. Similar absorption bands were observed in low-temperature spectra of sweet potato tissue slices (fig 6) . Due to the low concentration of oxygen in the tissues, these components are normally reduced.
Two subcellular fractions sedinmenting at higher centrifugal forces than mitochondria gave the lowtemperature spectra recorded in figure 7 , when reduced with hydrosulfite. The adsorption maxima in these spectra agree closely with those of microsomal fractions of other plant materials (6, 22 Observations were made in our study (figs 3 & 4) which indicate that these three bands represent different components, and not satellite bands resulting from low temperature. These include: A: increase in the intensity of the 562 mst band after HOQNO treatment: B: equal intensity of the 553 and 558 my bands; C: three distinct f8 bands which are accentuated by HOQNO treatment. Whether these components are obligatory participants in the electron transport chain has not been proved. There is some evidence that cytochrome b is not an obligatory component in the oxidation of succinate by submitochondrial particles from heart tissue (12), but no comparable studies have been made with plant systems. A sequential reduction of cytochromes b or b's, c, and a + a., is observed in difference spectra as in figure 1, (3) . on the basis of absorption spectra of respiring Arum mitochondria, concluded that a b-type cytochrome remained largely oxidized, while cytochromes c and a remained largely reduced in the presence of cyanide. They suggested that this cytochrome, which they named cytochrome b7 might mediate cyanideresistant respiration by virtue of its autoxidizability.
Ben('all (2) show%-ed also that antimycin A did not prevent the oxidation of this cytochrome. These results suggested the operation of an alternate pathway which would account for both cyanide-and antimycin A-resistant respiration. However, Bonner (6) and Bonner and Ito (7) found no evidence of a b cytochrome peculiar to mitochondria which exhibit inhibitor-resistant respiration. This has also been our experience. The relative amounts of the cytochromes in various systems may have a bearing on this matter, since Hackett et al. (15) preciably reduced the antimycin A-insensitive respiration (table V) .
Second, cytochromne oxidase activity of sweet potato mitochondria was effectively inhibited by NaN3 (data not presented). However, it is possible that some of the enzyme is inaccessible to inhibitors such as cyanide and azide, and that activity measured in assays utilizing cytochrome c was due to enzyme on the surface of the particles. An observation which might indicate that these mitochondria contain some cytochrome a3 free to be oxidized and reduced in the presence of azide, is the reappearance of an absorption band at 443 to 445 ni/A, after azide treatment (fig 2) . No conclusive statement can be made, however, on the basis of these (lata. A third point is that DPNH-oxidase and cytochrome c redluctase activities of the mitochondria are effectively inhibited by antimncin A or HOQNO (table IV) . Since resistance to these inhibitors increases with time in the manometric assay, the possibility that they might be inactivated with time had to be considered. This possibility was tested by incubating mitochondria with and without antimvcin A for 1 hour before measuring succinic cytochrome c reductase activity (table IV) . Succinic-cytochrome c reductase activity of the particles was still effectively inhibited at the end of 1 hour. Appropriate tests were made in order to insure that this result was not complicated in any way by the presence of microorganisms. All of the data point to the effectiveness of antimycin A in blocking electron transfer to cytochrome c. Although the data hint strongly of an alternate pathway or shunt which branches away from the normal pathway at the level of cytochrome b, they do not constitute proof. The critical experiment which would actually prove or disprove the existence of such a pathway, is yet to be devised. In the meantime, attempts should be made to clarify the role of the cytochrome components present in plant mitochondria which exhibit certain properties of cytochrome b. Are they obligatory participants in the oxidation of succinate and other substrates by mitochondria or do they have other specific functions? These and other questions are now under consideration.
Summary
Our investigation indicates that cytochromies of types b, c., and a are involved in electron transport of respiring sweet potato mitochondria. Adding succinate to an aerobic suspension of mitochondria caused reduction of pigments which absorbed light maximally at 558, 551, 600 to 605, and 443 mn, in that sequence. These components responded to the inhibitors, antimycin A. HOQNO, and azide. much as expected.
Low-temperature spectra of succinate-or hydrosulfite-reduced mitochondria revealed absorption maxima at 549, 553, 558, 562, and 598 my. Treat 
